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(54) REVERSIBLE ELECTRODE MATERIAL 

(57)Abstract: 

PURPOSE: To provide an electrode material by which a battery of high energy density can be 
manufactured and an electrode of excellent reversibility capable of taking large current at room 
temperature can be formed and to provide a lithium battery of high safety using the electrode 
material, 

CONSTITUTION: An electrode material is used having a combination of a compound having a 
disulfide group and a conductive macromolecule, or a conductive macromolecule having a 
disulfide group. The S-S bond of the disulfide group is cleaved through electrolytic reduction to 
form a sulfurmetallic ion bond or a sulfur-proton bond, and the sulfur-metallic ion bond or 
sulfur-proton bond forms an S-S bond through electrolytic oxidation* 
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[0049] &L±<0m^m<O^m^^^iPf3:J: *><C* 

A fcfiSKBJ U S t £ te .£ 0 ^ajjfc-PO^SWSiSoTlfe 
[0 05 0] *Mora&*WKm*S<:£fc£i), 

[0 05 1 ] <3a$0|4) 

(1) i. %-z>Aa,7 4 Fi-7t*l>><D&i$, 

1 -7 5 ls>-8-Zfi>7 *ls&e Og (0. 2 7 

nol) *9MtT*&aR96fc*'<i-x htfctCtfc. CO 

7k2 0 0m\tmSL2 Omit 
tt*fc. CftfC. 3 0g(0. 4 3mcrt) ©W8fcM-y> 
A* 1 0 0m1O*tCi&foUfc«S4*»*«-tffr**6, 
3 0**tf-CjtaX.fe. *6ftfcttRcMUE*- 10-- 

7'/-9Afc£fciftU jEESEfctertl OOafl-TttltL 
fc. «l»-C. £<DttfC2R{tr' h V£AfflR2 0 Omlfc 
flM-fc. C©&ajfrga-C3B*HJftKCfc. CttJtiHBl 

fc. co«t5«:br. 8. 8* -i^a-s'-i-^su 

>«SBfc^ h 'J -7 a&£ 4 5 C ©SfctefcipttA 

n. O3 f {c3 0q(0. 1 4moD ©ffl£{t#&»3>-? < 0 
»H*Ei£31i-fc. CCDSlCjSffl^SaccRL-. 3 OflfiB 

[1. 8-c. d]-l. 2-1*9-*-* 1 . 1 y**tf 
-l* K 1 6 g*&fc. COffc^gJl 6fl£BiaiMI&AlX.fc 

*U>1 Ogfc&fc. 

(2) 1. 8-^^^ Kt7$U>i^>;7iU> 

0. 5M©Na,SO, (pH 1 tCgSSStlTT^S) , T 
-'J>0. lWO®fi(C. ( 1 ) m-C'&*>iltc 1 . 8-i? 
X/l<7.f F*?2W>£1 0nniol/1K<tSJ:^tC)!nii 
ft. C ©gjff £flSBJ# n ^ JU#M«&©«l4K*f L 1 . 
2 v$>5£*{4r*ft?-r 5 C £ tc<fc 9 > ?-^^»; ;H*j£* 
Wf-5J93^2 0umC!3s}<';r-U>- 1, S-V>X>\, 

7 a ft? z i>^m&&>kB&^m±.KfctfLi,tc. 

(3) i"; v h y 
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LiCl 0,&lM&S?Ufcy>*;Wii>.U'A7 5 K«*KC*j 
^r. As/AffC l#J(S5«H©*{4(C#L.-0. 7~ 
+ 0. 2 v©raT«&* 5 0iiiy/sec©£&"CiSato<cJ8 
SM-C (2) 9Ci«:«it«l!^^ <•©& 

W^L-C. 1. 8-i?*.»t<7 -f U>il Omol/1 

fei^L i C 1 O«t:0. 5nDl/l*gJS?t.fcy>9-;l'^^ 
at 5 K4»tc*»i>r. A e /A ff C 1 #H&«g©m<i«: 
#l--0. 7-+0. 2v©IH|-C«tt*5 0mV/sec©j£ 
K?S«8JtC*9S3*. JM&i5ffi**j|?L,fc. *©& 
H4©ffiiSB(c^snS*?««ff1^i^„ 3 6 

[0 05 2] ft«A«£*iU'Ctt. KftSTCtCfcrtS-J-S* 

feDSffifcT-i'R *J«fcVl. 8-i^JU?., F^7* 
U>©«aKK-*©*tt-?*lJ: 9 t©t±fc 

Sfcte. fit9A{c*t»r<*. a-fbS55(c*fjt^-5 
sWKt:-?fiia*3, 5Kyr^y>s^Bl©*iwrsil 
Sa*S©«8fcfc?-i'G;S<fc 1 . 8^^;W7 ^ 
u>©ssfetr-d>^{Bi©ra«:i?^s. I , 8-PX 

o. 2vtt$a-c&.& (?j<yr-y>«WL/ttt/»i . 8-t? 

K^?5»U^«SS (tt«B) tCfe^-Ctt-0. 

■? * i>wm&&&totfivm*z c t k. i >) i , 8 

K^7 4»Ul/©S«ba55*J<g3i3nrc>4Ci*i 

[oo5 3]±s©j;5{c. ^yr-y>=ewi/ftt>* 
tamrc«6nfc«akm£ (oiiib) (cbbitiac. 1. 
8 - s>* * 7 / f ^* 7 > u >©a<kis jc«c*f ie-r sfir t 

fcr-^ijg7ctf-^4©*fl^*so. 6vSSt». c©«J; 
^ft«|g«:tet>r«. K<tia7c*sgEBJffiTSte©alS*i 
W*tt, C©«S*«?6©jEffi(cfl9ViSi, 

[0054] *HS&«-ci*!i< y i y ^in,>/t«^co 
^sfl^-cc^as. awosfta-g-cfca^-s©^!* 

WH-C**. 3 6fc. 49»9OS*n«tM*0. »Stt 
4S^t/r^l»"Cfc^«©J5W|*5^6tvSC 4«t»5 « 

[0055] ^S6«©oIi»tt^a«. *fffifem<Offlig 
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s. 

[0056] «±©HiS«!ll©Sft^€>BJ€.^^<t 
^(CiniJ, FttdtBTSfb 

Lfe«H"CtiB*e*-»fc, *SijE-C©SftS*SpJig<bfc 
s. c©*g£i£ffi«:ffic>. ftMy*9A*fta<cAL» 

C0057] (|fete^5) S^CajnoDO^+^^VilOO 
riOBttfUHKt&teU onCKtt&tsfc. CntC. 500 
qC3 .Irool )©=RSI % 3O0ml©E3&*fcge3tK:igfi? L<7fc fc©£ 

*s*u i5fl©*»{b^ h >j<y&*:tKiz.X4smm£i.® 
tt&sm&mD&tb?-*? *><D&am*&ii. c©g 

^*tVV>KjgSl, 5/i;#WO*9A*«V»$ 20 
£&tCJ:9#8lU 2,2,J-Fy^O-=e^*7*>i£30q 
fofc. 

[0 05 8] CCDJ:5«:l>'C»6>*lfc32C)C0.ainol)CD2, 
2,3-l> 'J 7 , a-=fc^*7i><b6.5g(0.2inol)<D^Kffil8i 

6g(0.2rool)OitKtia-&LrSre§-ti'. 3-7'n*^^'7 

[0 05 9] CO«fc^Ccl/T»€.nfc3-^a- : e?'^7x 
>8.0g(0.05inol)CC49©?:* > ^$&7'-fe h- h V A,tpV 
EfcSii, 3-jt)lt)zn-**7 x>2.0g(0.01nio'»)£f$ 
fc. C©3-^;l'*?'|-^*7x>=£*£3R*-C2, 5-S? 30 
3. 4~3-TV7\r-)H.2qtO.(amo 

D&£B£3tt. S?X»7 4 FS*S5AS*tfc**7*:> 
Srfffc. 

[o 06 0] yatri/>^ ^(c^-c, c© 

[0 06 1 ] L1CKX* lMf&JSbfci^^Wwl/ATS; 

F*K*st»r. Aa/AgCl#fig«e©«ffi«cS*C/-0.7~+0. 
2V©WrStt%5CnW/sec©ilffi-CitJftWtci»i^?-tt, C 
©SSSrSS-CWBl^c. *©J£*. S5©tlili§AtC^ 
II8ft*«*SStta**fc. imMtL-C. 2,5-f' 
>WT I-ls 3,4-f7-/ 7/ Ht-SrO.OSraol/K LiCIQ, SrO. Snol/ 

ljgfBOfcy^^-jwsh^Ar a FttJ(ctet>rAaMaa#BB 
>*WLftb»JMfi«ff*lll*Ki:CIBL-fe. -€■©*&£. SI 

5©»<8B(C^Stv4^fe«ffi|*tt«:»fc. &€.CC, |5) 50 
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Lit. *©&*, H5©a«ctc*sn**ie«E»tt 
4®fc„ 

[0 06 2] ftSAKfeu-ai. SKtffijctcatj&Tsm 
atbf-^ffiw, #y**7 *>©****- sinews© 

SifetT- *|£, fcJriy^.S-y >t*T J-_l,3,4-W TV-*© 

«»tf-*e©-?-*veiTi i». c©c<fc{c<fc 

9. iff/f^^i^^v FYfc^»£fl3t,>fc*26 
W©«S«:«V»S<i^SS£*saZ0 UHf&t 
S6(C. MLAlC*t»-Ct*. SHfciIjEK:»|ST**«tf 

^y^^^K^o^^wr^n^ita©* 

SStf-J'ftHtz.S-i'' >W h-l,3,4-*7V 7/ -*©«i£t: 

-^ftaiciatc^ffi-r*. 2,5-5' >**r )-i,3,4-w 7 

v -«t®<ba3ctCifl5r-5.«SShf-^©^ Hsf$(cjl7c£ 
)KK:5*ic:-r-5»«SSt:-^ftBtt-o.2vWj5-c*$ <*y 

>«rWl>&l,>2,5-'/ ?W V-l,3.4-fr/ r/-*a 

& (ttRB) K.imxte-o.wT:i,z} . 

■cfc 5 # y ^ * 7 x >tffitt -5 c t tc J: 0 2 , 5-/ > *w 

• >-l,3,4-tr/ 7/ -*OSMfc»7c3£{S2!Sti,-CU.£ Ci* 

[0 06 3] ±s2©J:5»c. #y r- ';>MK*Ltt 

2,5-y «*T K-l,3,4-f7V 7/ -WD®{tSl7CtC^E;f -2>K 
<tK-d'J:a5ctr-i'4©attmJ!)«0.6VSSt>. C<D^>> 
ttSSKlsDttt, BWfcjS5c*siS^3j£rSi£:©jia3Wl 
m{*C©«S*«fi©IEffi{C«(,>5i:. 3E*<fctt 
«©S^#0.6via.t<S:**t>;fc«b. ;tt8j*T?©3fc&S 

[0064] *HJS^T!?». sP y x >€:rat>^:tB 

#£i&&L-cmoTii5i«©38**j&e,ti* c i««,>^ 

[0 06 5] «±©HiSCT©lftW*> 5 

rSCiJCiOS-S-f**^. C©S^f**±fc*«fiEg5 
»iLt«Si&«fiEL/fcfc8{), J£3fe©^x;V^^ F-ft^ 

m>»xmtSiLtc.imv\tmm'ci>^fc, ^«se-c©« 
tt*JU^ia:s„ c©«g$iE«s«c«t<>. ^nsy^^A 

[006 6] *SHS«©Bl3!tt«S(*. S«feti^©^ifi 
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10 067} {zmme) 

(1) 2-jt)\,tr-7h-2-?T<SV's<Dm<t£& (— 

«#©sh«) 

2->^*^"h-2-? 1 rV';>6 0 9(0. 5n»l) * 
l?j*9-*Z.JI,*4H/ ¥ 1 0 OrolCCigJISl/fc. C©g?ffiK 

jesss*. a&mmta v t- y?? ^ -km*. 

8<j (0. 2«o1) mc. 

(.2) 2-stfriJ-?h-Z-*T*S*)yZ.A&L#>)7 10 
^y><h©ig£ffiffiff3j55 

0. 5MNa,SO, (pH= <fc0. lM7~y 

>£ 2-jf*#:*h-2-*7Vy>:; 

Omnol/KCttSJ^K:. :*gSi&F5 ( 1 ) l&XW 
e.*ifc2 - m jvuzr h-2-^rV'j >-*»^ftix. 
tc t ©igiff fcffiifa* a ^ ;l^fig«fe©*{4«:** l, l . 
2~1. 5V£D^«{a-CttJ»T£C<fc{Cj:^-C. 7-*^ 
'J Jl4*i£&*rrSJS3ft 2 0 um©«P >; 7- 'J >- 2 - 

y h - 2 - ?-r v y >-Mim^m>&MM^± 

[0 06 8]it«Ote», 0. 5MNa,SO, (pH = 
KCHEK) £0. 1M7-U>£€r^t*»«tc. 2-j< 
Jl/*^'h-2-^T , /y>*«l 0nn»l/l{Cft5«fc^K:2 

-^;w*t/h-2-?-7'/>J^i&ftlS.. fiPttJE;a^ji/# 
JRKftcD«tt<c&ts l . z-i. 5v©5£»ft-C«<S$*- 
SCiaot, *IRS£Ig©flSfi&£K*fc*s. 

<3) 4 9 V 9 h V- 

Sfit?. L i C 1 0«£ll^JStfct^9 1 .>l'*.>t'A7'3. 

F*fcfot>TA*/AgC l^SSfcEOS&tCjtft/- 30 
0. 7 — +0. 2v©rar3&S:5 0n<Y/sec©SK-eiS 
SWtCWKStt-C. *iUSCT (2 ) ^-Cf5e>*lfc#y7 

2-^^^h-2-?rV'J>~si*a^s 

«Ei|9ttftS«8fc. HMWtlsX, 2-*Wf\-- 
Z-9-T'/'Jl"kl OimolA LiCIO<*0. 5mol 

Ag/AffC J#fi&S©(C*tO-0. 7~+0. 2 
v©ra-CStt% 5 0 iWsecOiUK-CKflttKfllfiSttM 

[006 9] ftJSAtC*st>"ni, HftSjctcStieTSW 

S©«» *jJ;CJC2-y^*^'h-2-^Tv r 
y >©*^e-?fii©-ei'i-£nj:0k:*fci^. c©c£ 

i»fc*»w*i6Jc j; «tttt*Hi> * £**i£#B* ►) an* 
5Ci*b*5. 3*>K. ftSAtefc^Ttt. ffiftSTC 50 



«if5-74459 

20 

teM&r o(4a*5. * y 7- y >*&mo* 
**r*«iMM©w*fcr- 2 - * h - 
2 -?-7Vy >©««£- 4>&h±©i«k?£?±t 2 
-> *a 7- h - 2 - f?y y >©BKta7c«:*tifcr 

Htt-O. 2^^5-0** (2-y^l/#^ , h-2-9 i r 

>£#L.fc<.>* yr- y ^fi^suw^fc^-rssya 
f&S (1&J8B) «e*a»-cti-o. 6vc**> . #«r 
y > asffgrt" -5. c t tc «fc 0 2 - y * * f h - 2 - 7 

[ 0 0 7 0 j ±se©«fc 5«ca*%*wt/*t?SiS«ffi"C 
i$s>ftfcKifc«Efm (iiiB) tctj^-rw. 2-j*n> 
i?zfV-2- *7SV >©IM!^7cK*h£-r*BKfci=-- 
^^aTcfcT-^iOSfi^^O. 6vj£l>. £©£}& 

<4> weft 

(2) 3s-c»&nfc!f«y7-y>-2-y;i'*rb-2 

XL i C 1 Q,*\vmmhtclsM?-)\>*A'AT$. FWR 
^ta^tSU^. »±Sff2. Ov. &S3«$0. 5mA 

Sfc. H7(c48l>'Ctt'9 , ^^M^3WSii4tc^$n i 1 -y 

**mMvwtx&*#&HKm$t\xi>z>. otemt 
u-c. ^y7^-y>i2-y^*^h-2-^7^y> 

f 0 0 7 1 ] *HtSF«©5iES0S-y^^-»M$ttfiai (AM 
A) tc^ottt, ^SttS^-ff ;HtS*J5 
«^S«©5 0«r*0, ?JH*tttc«ti? 

(AMB) (Cttia-Ctt. 1 0^<f 9iuaK«»6A0M 

C o o 7 2 ) *^SSW«*j«->rw. #yrj=.y>*»« 
msfrf-&isxmi.*tctstetc-yi.>x&yn,'rti». ±s&v> 
*®m<omw&atfH-zm^x<*&uowwktmhti 
tc. m^-mt i,xwgn'£zmwcia&i l c-?<.>x&w 

•C*5. 3 6tc:*3S8«©S«R*«W*U *a*£iS 
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[ o o 7 3 ] *mzm-ete**~>u&tt*zn&to± 

[0074] &±OmteW<D&Wtf>$®Zfrtt£ ^tc, 

van,? a Sffittw 

iEffiCCfflc^ ^y ^OA££iffiCc/iH>£C£te«fc>)rt: 
«ffiT<D5fc^*ntrt&&Bx* /^-SgO^Xffift* 

[0 07 5 3 ^mmmimtzz s*®^ «a&ttfte>ra 
?sm%*mtcm^z>c tic*® , ^-iie 

[0 0 7 6 ] (^6^7) 0<B<DNI^*S 
Wr£#yx*UW5>tt:, x^>#*iM K (E 
O) i^^^F (BO) EQiBOi 
OJt^3 0/7 0i^5J:-5«:«»au/c a CCOJcOfcl, 
r^fc^^fitf 1 8 0 0 0 l )X--T)V&Y*2 

h-M^vtcjS»?u 2o^^o* yx-^gft* 

TLiCF,SQ,£l Om«%0OS5^-C?g»?L//t. C(D*t»JX 

-f^MMRic, SB6#«(#yi-^ t l i CFj 

SOjtecfc^r - U >S^3-^AO^) #3 OS 
A*J3fc?rSanJ fc„ c Omm* 4 0 *C*C 2 4 B£H 

[0 0 7 7]^Oc. ±S2i|13D$&)S(^g»*5y-l 
S«3WC, &ISft£4 8*>, ¥^&&#2umCDAiiS 

f S^tE 0 . 1 <h , 2 , 5-y 4 * W K-l. 3 , 4-W 

2S*SBi. #yy~y>»*0, 5S*SP££SSMS 
^UiE&x^y-Sr#fc. jja#urxy>»5K«. 1 
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I, 1. 2- 1. 5vqI xO&EGLTim* SCifCiO 

U Se^5^fSJSSKSKr&c:i«:j:t)7t*38 0x 
8 OmiD, 160 ^mCDiEg^--hja«^^ a 

[0 07 8 3 ?6*c* iJe<h^b*sj&cD# y x-nm 

1 8 *im<C#SK9 9. 9 8*SeD&J5T^ 
*x?A*&SUfi«S5£, *i8ftS*54 8%-C k 
2 mOA3g«l33»^ 0 . 1 mm&£ 
@^^«*55 O^ih^c^i^CC^, 4 0'CC2 

4^ras^L©ffi^^ y-*fwt. sex^y-<i:±Ha 

6^CS«G>«<ga^7y-i«:g^}t*5 1 : 2<fcft 

s J: a cc r ;p s ^ wtds^x 2 4 B#fas^-r 
^ci^iossa^^^y-^^ *gffii#t»* 
7y-^f»*^7o>«cofecD±K: k 

teia-reciOC^O. ^tS80x80mm. /S318 

[007 93 ?* V«JIBi^t9*<i:^*i L/c«# 
«5iO^JSStifc«tS5 0 MmO^*»-hi, iE 

(iffiiSOfflffi) i^Jlfi^fiia, fflSl 5 0 
•C, IE^2 0 0kq/crfcD^#OTr«iJBE«L/^ Cft£ 
2 8x2 8mmCDA*$«CS»fL/T:3ft«6?:S^. 

2«6ffi:7 * n>A**>U «ffiy- K*Mi3SI9S 3 0 u 

^yx^u>Ri^^Aj:^^5^-h7 ^;UA*«i>t 
[0 08 03 ^tc. tmtLX. ^XO^m^^^kB 

y/u**c*iC>t\ Aq/Acp«sgom(itcc*fi> i. ova> 

fS2 o o ^mcoy^^A^^K^mi^cci^ 

[0 08 1 xzmomo y ^ - a -^«r&^ 
-^^isag5i, #yr^y>»*o. zmm&t. 

tJ~*Zls?v?i>0. l*«SBi. Lil-Lij N-BiQ» 
A^Jt>i:i:i) O^lSSSSi. (g^S#yx^u>e 

y>»*tt. im*««*8cfc^rmoii4UT:*r>7 
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^es^yx^u^^, x^tu>vL-2oo 
u £ * «: ffiss* »jx^i/> cottifi 5 §a% 

[0 0 8 2] iWC, Lii-Li^B, a t&*£* {BflH&fty 

* h±&C&*&U f£#**t<i:KJ:^T*fr3 8 0x8 

[008 3] ^7Jl<5^*A*fcfcl£*2I5 
*IS8}5f€0. lfiSSPi, Lil^^aftSO. 

7. 5S«%ifc*j:5K:g£L/c. JbI3&K7* 
S^Ailtlt ¥*3f4S#l 8jum> *€g#99. 
9 8%©^WT^S^^At&m€:ffll^ M£S©^^l,r 
<S k S»fbS*J9 0%, ^jfc&tfO. 6 m m<DAiSM 

hJb$C&*iU &«-r*C£<Cj:-or;*cS3 8 
0x8 0 mm, m$fo 1 9 0 MmCDSg^- hfcfcfc. 

[0 0 8 4]:*frC. tmtLX'XO-fr&tC^Kt&mD*: 

rffiC^ ^o^ffifc, 7^5-^A^W**3 0I^% 
"CSS 2 0 OtfUjOyf^^fiSfflC^fcCiH^ 

[0 0 8 5] C<0<*5Kt/T2S3Sl/fc«flSA. «ftfeB, 

JE*1 7J£raEP#DLfc&, 65'CrUA, ID^A. 10 
QuA« 500mA, fc£C>^ljnA<D&*C0ffi&T?3#|ffl&: 

OEfHtfrRFfll,^. CC0S^I38^r o «*Afe 
[0 0 8 6 3 W±cc>*»«l<DSiWrw&3^ttJ:5«c t * 
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wr*y**A**u-Mfc«*»4. tfw^aa&if* 
cease <h#tt<. ^fcy**A^«te*S8*:£T 

[0 08 7] (^Sfefi»8) 84gcifl»1)O^:*:7^><tl00 

#a*£3*u ix&xmitT h y ^ A^mr^Fiaj^ 
mk&± 2 m&frt 3 a»{*<Djwb^*? * >ojg^5 

#7A£«t>5cifc£ti#S«U 2.2.3-h y:/P** 
[0088] co««:urS6n/t32Qco.iii»^co2 r 2,3 

-h y^O^:^^7x>i6.5qC0.2mo1)^aSlSi6q 
C0.2mo1)<D»ffi < bJfcig^t>-CSl5S-t±. ^a***? 

[0 0 8 9 3 t<D^a^r^*7^>8.0C)C0,05mol)tC4 
tt5tC*?V»T CCD 3^ /b^7 Zf h -7 * >i 

[0 090] ctDai&cbr©e>n^^7 *>sts«* 
2^i.5voitojg«{4^apLfc, -^ofe*. y^A^ 

[009 1 ] ^JSM7 0«feAi|3JD*^SX»^H; 

[0092 ];^ (H«gW7CD®tfeA 
^S8»*rsO(cfflc^c«jKa^^y-i|5)Gffifi£) 1* 
SSBi. JlS&fbS4 8%. ^&S^2//mOAiSlHI5 
19^0. lSMSSi, Wisely ^*>A^^U- hS4* 
^rr £*S*t£Btf>* 2 M«^<h 4ig^ LiESS^ ^ y - * 
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